INTRODUCTION
============

Proper cleaning of removable partial dentures (RPD) is important to maintain healthy oral mucosa. Microbial biofilm on the tissues and denture surface is a significant adjuvant in the pathogenesis of denture stomatitis^[@r05],[@r06]^. Surface roughness may contribute to the positively correlated rate of microbial colonization, adhesion of microorganisms and biofilm maturation on surfaces^[@r04],[@r08],[@r11],[@r14],[@r16],[@r20]^.

Webb, et al.^[@r22]^ (2005) showed that denture biofilm control techniques that use only brushing are not as effective as chemical cleansing in reducing denture biofilm and preventing denture stomatitis associated with *Candida*. Immersion denture cleansers can be divided into 5 classes: alkaline peroxides, alkaline hypochlorite, diluted acids, disinfecting agents, and enzymes^[@r05],[@r15]^. The association of mechanical and chemical methods seems to be the ideal protocol^[@r03],[@r15],[@r17]^.

RPD frameworks are usually fabricated with cobalt-chromium (Co-Cr) alloys. Because these alloys can corrode or stain as a result of surface contact with the chlorine or oxygen presents in some commercial cleansers, RPD wearers must be instructed about the correct selection of cleansing agents^[@r18],[@r19]^.

Jagger and Harrison^[@r09]^ (1995) observed that the patients do not receive correct professional instructions about how to clean their dentures. They overclean the dentures, using homecare products, which could cause harmful effects. One of the required properties for an ideal denture cleanser is not to cause deleterious effects to the material. It is a critical point when considering the use of the products routinely indicated for complete dentures to clean RPD. The alkaline hypochlorite use in resin bases can be harmful to the Co-Cr frameworks. These undesirable effects can be either tarnish (surface discoloration) or corrosion (surface pitting)^[@r02]^.

In view of the importance of a correct orientation to the patients concerning the more suitable auxiliary methods of cleansing, the aim of this study was to evaluate *in vitro* the effect of different denture cleansers on the integrity of the Co-Cr alloy used for fabricating RPD. The null hypothesis of this study is that the solutions will have no deleterious effect on the two Co-Cr alloys studied. It is the first time that a low hypochlorite concentration with proven antimicrobial effect in a short period of time^[@r03]^ is tested for cleaning of RPD metallic components. Webb, et. al.^[@r22]^ (2002) suggested the use of a smaller concentration (0.02%) with longer immersion time (10 h) for sterilization, but it was not the focus of this study. In spite of this, hypochlorite has some advantages that must be considered such as the low cost, accessibility and effective biofilm removal.

MATERIAL AND METHODS
====================

Two trademarks of alternative Co-Cr alloys were used for this study ([Figure 1](#f01){ref-type="table"}). Seventy disk-shaped wax patterns (12 mm in diameter x 3 mm thick) were obtained using a Teflon matrix. Thirty-five wax patterns were sprued, invested and cast in each alloy according to manufacturer\'s instructions. After casting, the specimens were finished with 220-, 400- and 600-grit sandpaper (Norton Abrasives, Saint-Gobain Abrasivos Ltda., Vinhedo, SP, Brazil) in a polishing machine (Model DPU-10, Struers, Ballerup, CO, Denmark) under refrigeration. The cast specimens were then inserted in rectangular places previously prepared with a Teflon rectangular matrix (38 mm x 18 mm x 4 mm) using the conventional dental stone molding technique (Densite, Dentsply Ind. Com. Ltda., Petrópolis, RJ, Brazil). Before packing the heat-cured acrylic resin (Lucitone 550, Dentsply Ind. Com. Ltda), the casting disc was centered in the left side of each rectangular mold and the mold was isolated with a thin layer of separating medium (Cel-Lac, S.S. White Artigos Odontológicos Ltda., Rio de Janeiro, RJ, Brazil). The cure cycle was in water at 73ºC for 90 min and at 94ºC for 30 min. After processing, all specimens were polished in the same machine under refrigeration, followed by polishing cloths and 1-µm diamond suspension (Pasta de Diamante Natural, Fortel Ind. Com, São Paulo, SP, Brazil). All specimens were stored in distilled water at 37±1ºC for 50±2 h, to eliminate the residual monomer.

###### 

Alloys

  **Trademark**   **Manufacturer**                                   **Composition**
  --------------- -------------------------------------------------- -------------------------------------------------------------------
  DeguDent™       Dentsply Ind. e Com. Ltda, Sao Paulo, SP, Brazil   Co (64.8%), Cr (28.5%), Mo (5.3%), Si (0.5%), Mn (0.5%), C (0.4%)
  Vera PDI®       Aalba Dent. Inc., Cordelia, CA, USA                Co (63.5%), Cr (27%), Mo (5.5%)

The specimens were dried with absorbent paper and stored in containers away from moisture and heat and were randomly distributed into the 7 groups for each alloy; each group was composed of 5 samples, according to the alloy and cleansing treatment. The specimens were preweighted in an analytical balance accurate to a tenth of a milligram (Model A200DS, Denver Instr. Company, Denver, CO, USA), which was calibrated before each measurement.

Subsequently to the initial measurements (T0), the effervescent cleanser solutions were prepared by adding one tablet of each cleanser, Corega Tabs (Corega Tabs, Stafford-Miller Ind., Rio de Janeiro, RJ, Brazil), Medical Interporous (Medical Interporous, MST Laboratories AG, Vaduz, Liechtenstein) or Polident (Polident, GlaxoSmithKline, Philadelphia, PA, USA) to 200 mL of distilled water at 45ºC as recommended by the manufacturer. The groups were stored in an oven (Model DL-AF, DeLeo Equipamentos Laboratoriais, Porto Alegre, RS, Brazil) to keep the temperature. For the storage in the solution, the specimens were positioned in a device developed to this study. The time recommended by the manufacturer was simulated 180 times. For the mouth rinses, Periogard (Colgate-Palmolive Ind. Bras., Osasco, SP, Brazil) or Cepacol (Sanofi-Aventis Farmacêutica Ltda, Suzano, SP, Brazil), sodium hypochlorite (NaOCl) (Q-Boa, Anhembi S/A, Osasco, SP, Brazil) and distilled water group, the immersion time was fixed in 10 min, also performing 180 immersions. All solutions were renewed every 8 h, as suggested by Ünlü, Altay and Sahmali^[@r21]^ (1996). The containers with the solutions were air-tight and no changes with the environment were done. Furthermore, the manufacturers were consulted and confirmed that the solutions had activity stability in this period of time without changing. After immersion in the respective solutions, each specimen was washed with distilled water for 10 s. After all the immersions, the second weight measurements (T1) were done in the same way as described for the initial analysis. The difference was calculated.

Ion release was analyzed using an inductively coupled plasma mass spectrometry - ICP-MS (Model Elan DRC II, Perkin Elmer Sciex, City of Waltham, MA, USA). The containers were disinfected using a hydrochloric acid solution and washed with distilled water. One sample of each solution was collected before the immersion and another sample at the end of the immersions. The solutions were analyzed, and the spectrometer was calibrated to recognize the cobalt and chromium ions.

The results of weight loss were subjected to two-way ANOVA and Tukey\'s *post hoc* test. All tests were performed with the confidence at an alpha level of 0.05.

RESULTS
=======

The weight changes (g) were recorded as the difference between the weight values in each period of time (T0 and T1). Since the data had a non-normal distribution, ANOVA was performed after logarithmic transformation (normal distributions) of the original data and Tukey *post hoc* test. There was significant difference among the solutions (p=0.015) and between the alloys (p=0.00). Medical Interporous and Corega Tabs caused the highest values of weight loss ([Table 1](#t01){ref-type="table"}). The mean values and standard deviations for weight changes of the alloys are presented in [Table 2](#t02){ref-type="table"}. The Vera PDI showed more weight change than the DeguDent alloy. There was no statistically significant difference when the interactions were evaluated.

###### 

Means and standard deviation (SD) of weight loss (g) of the alloys after immersion in the solutions

  **Solution**          **Mean (SD)**
  --------------------- ------------------
  Distilled Water       0.004 (0.002)^a^
  Sodium Hypochlorite   0.005 (0.003)^a^
  Periogard             0.005 (0.004)^a^
  Cepacol               0.006 (0.004)^a^
  Corega Tabs           0.009 (0.006)^b^
  Medical Interporous   0.011 (0.003)^b^
  Polident              0.005 (0.005)^a^

Mean values followed by distinct letters are statistically different (p\<0.05). The Tukey value is 0.34581

###### 

Means and standard deviation (SD) of weight loss (g) of the alloys

  **Alloy**   **Mean (SD)**
  ----------- ------------------
  DeguDent    0.003 (0.002)^a^
  VeraPDI     0.010 (0.006)^b^

Mean values followed by distinct letters are statistically different (p\<0.05)

The values of ion release were obtained using the ICP-MS method. It was recorded the quantity of cobalt and chromium ions in each empty solution. After the immersions, the solutions were collected and submitted to analysis. The results are presented in [Table 3](#t03){ref-type="table"}.

###### 

Absolute values of ion release (μg/L)

  **Solutions**         **Ions**   **Initial**   **DeguDent**   **Vera PDI**
  --------------------- ---------- ------------- -------------- --------------
  Distilled Water       Co         0.412         3,788          5,538
                        Cr         14,686        22,208         28,109
  Sodium Hypochlorite   Co         0.013         5112,351       2484,714
                        Cr         4,976         5159,736       5747,293
  Periogard             Co         0.264         4,234          3,102
                        Cr         1444,133      1481,706       1478,518
  Cepacol               Co         0.425         4,156          4,272
                        Cr         1378,756      1442,802       1437,308
  Corega Tabs           Co         0.168         97,024         169,355
                        Cr         251,697       303,798        454,318
  Medical Interporous   Co         0.144         2558,086       4124,753
                        Cr         47,639        236,084        267,210
  Polident              Co         4,429         87,169         195,382
                        Cr         165,373       179,936        250,441

It was observed increased release of ions in the solutions after the immersions. Comparing the results, it is possible to note that Vera PDI had a greater quantity of released ions. Among the solutions, NaOCl and Medical Interporous presented the highest values of ion release.

DISCUSSION
==========

The aim of this study was to evaluate the effects of 6 experimental solutions on the cleaning RPD. It was used the dilution of 0.05% NaOCl, which was the lowest concentration found in the literature as adjuvant to hygiene care of complete dentures, with antimicrobial effect^[@r03]^. No effect in metallic frameworks has been reported in the literature using this concentration. The literature has shown that 0.5%, 1% or more concentrate solutions can cause harmful effects in metallic components. Sodium perborate-based effervescent tablets (Corega Tabs and Polident) were included in the study in order to compare the methods usually indicated for complete dentures from manufacturers that also indicate the use of these tablets for metallic components without deleterious effects. In the acid category, a citric acid-based tab recently introduced in the market (Medical Interporous) was used, with the manufacturer\'s indication of use in metallic components with no deleterious effects. Cepacol (0.005% cetylpyridinium chloride) and Periogard (0.12% chlorhexidine gluconate) rinsing solutions were also evaluated for their antimicrobial effects^[@r07],[@r12],[@r13]^. Distilled water was used as control. Two Co-Cr alloys with similar compositions were evaluated with the aim of comparing the ion release resistance of the alloys.

Weight change of the alloys was evaluated in this study. Keyf and Güngör^[@r10]^ (2003) found no significant weight change of Co-Cr alloy after immersion in Corega Tabs, Axion and tap water. In the present study, there was significant difference among the solutions. The commercial cleansing tablet affects the reflectance of the surface, but the corrosive effect in Co-Cr alloy was less accentuated than the bleaching effect. In the present study, commercial bleach was not used in the comparison, only different trademarks of cleansing tablets. The Medical Interporous and Corega Tabs caused the highest values of weight loss. Comparing the alloys, it was possible to note that the Vera PDI alloy had lower resistance. These results are in accordance with those of ionic releasing, with a greater release from the Vera PDI alloy. Comparing the solutions, NaOCl and Medical Interporous caused the highest ion release, suggesting corrosion. A total of 180 immersions were simulated, but it is important to consider that the longevity of RPD is at least 5 years. If this ion release continues, undesirable effects might appear, such as brightness loss, porosity, and then biofilm accumulation^[@r04],[@r08],[@r14],[@r16],[@r20]^.

Although had presented high values of weight loss, the evaluated mouth rinses did not cause any significant deleterious effect to the components in comparison to Medical Interporous and Corega Tabs. It is important to note that the present evaluation did not consider the artificial teeth and some studies have suggested that chlorhexidine may cause tarnishes in these components^[@r01],[@r02]^.

The objective of this study was to evaluate commercial products to be adjuvant in dentures cleaning and not substitutes to the mechanical method. These solutions must be used combined with brushing and the sum of antimicrobial effect must be considered. It was not the scope of this study to evaluate the antimicrobial effect of any solution, but further studies should evaluate the possibilities of using diluted mouthrinses, if their effectiveness is proven. It will reflect directly in the patients\' daily financial investment to denture care.

CONCLUSIONS
===========

It was observed that 0.05% NaOCl is not suitable to be an auxiliary solution in the RPD care because of its corrosion potential. Medical Interporous and 0.05% NaOCl caused a high ion release. Corega Tabs and Medical Interporous caused the highest weight loss after the simulation of 180 immersions.
